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SUMMARY

One hundred and eighteen Neisseria meningitidis isolates were recovered from patients with

invasive meningococcal disease in Portugal, over one year. Our study was undertaken to evaluate

antimicrobial susceptibility, serogroup, serotype and genotype of isolates. One quarter (24.6%) of

the isolates showed moderate resistance to penicillin and 47.4% were resistant to sulphadiazine.

The two most common serosubtypes were C:2b:P1.5,2 (31.3%) and B:4:P1.15 (3.4%). Half

(53.6%) of the isolates with moderate resistance to penicillin were phenotype C:2b:P1.5,2 (n=14),

C:2b:P1.2 (n=1) or C:2b:NST (n=1); Pulsed-field gel electrophoresis (PFGE) showed that all

these isolates were genetically related. Multilocus sequence typing (MLST) analysis of

representative clones from each PFGE pattern showed the predominance of the ST-8

complex/cluster A4 among N. meningitidis with moderate resistance to penicillin. This clonal

complex has been principally found in Southern Europe. The apparent emergence and

dissemination of the hypervirulent ST-8 complex/cluster A4 among serogroup C strains

increases the need for a continued surveillance of antimicrobial susceptibility of meningococci

and of genotypic markers in Portugal.

INTRODUCTION

Neisseria meningitidis is a major cause of bacterial

meningitis and septicaemia, and remains a serious

public health problem, particularly among young

children and adolescents. In Portugal this bacterium

is the major agent of meningitis in children [1].

Serogroups A, B, C, Y and W135 are responsible

for most meningococcal disease in Europe [2].

Penicillin was the antibiotic of choice in the treatment

of meningococcal disease, but in recent years,

the emergence of N. meningitidis isolates with

moderate resistance to penicillin [minimum inhibi-

tory concentration (MIC) 0.12–1 mg/ml] have been

described in Portugal [3] and other countries [4–6].

This moderate resistance to penicillin is due to

alterations on the structure of one penicillin-binding

protein (PBP2), encoded by the penA gene. These

alterations are the result of horizontal DNA transfer

from commensal Neisseria, probably by transform-

ation [7].

The genetic diversity within meningococci popu-

lations needs the use of genotypic approaches to

identify clonal groups. Pulsed-field gel electrophoresis

(PFGE) and a recent gold standard method, multi-

locus sequence typing (MLST), allow us detailed

characterization of circulating N. meningitidis and the
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knowledge of the epidemiology of meningococcal

disease [8].

AIMS

The purpose of this study was to determine the

serogroup, serosubtype and the susceptibility to

antimicrobial agents of a collection of invasive

N. meningitidis strains isolated over one year between

September 2001 and August 2002 from a representa-

tive population of cases (approximately 7 598000

residents, 73% of the Portuguese population) of

culture-confirmed invasive meningococcal disease

(IMD) in Portugal.

The patients attended 24 Portuguese hospitals. A

case of IMD was defined as disease in which a

N. meningitidis had been isolated by culture from the

two normally sterile sites (blood and cerebrospinal

fluid) in a resident of the surveillance area. Genotype

characterization of N. meningitidis with moderate

resistance to penicillin was also studied. The study

was carried out during the first period of voluntary

vaccination (since the third quarter of 2001) with

conjugate C vaccine in Portugal and before the

inclusion of this vaccine in the National Vaccination

Plan (January 2006).

METHODS

The serogroup and MIC of penicillin from 118 iso-

lates were determined, and serotype, serosubtype and

MIC of ampicillin, cefotaxime, ceftriaxone, cipro-

floxacin, rifampicin and sulphadiazine from 116

available isolates were determined, as previously

described [9]. Moderate resistance was considered

when isolates had an intermediate level of suscepti-

bility. Pearson’s x2 test with Yates correction in

the 2r2 tables was used to establish association

between serogroups B and C and the penicillin sus-

ceptibility. Significance level was established at 5%

(P=0.05).

Sixteen available serogroup C isolates with

moderate resistance to penicillin (14 available isolates

of serosubtype C:2b:P1.5,2, one of serosubtype

C:2b:P1.2 and one of serosubtype C:2b:NST) were

investigated by PFGE with the restriction enzyme

BglII (New England Biolabs, Beverly, MA, USA)

as previously described [10]. Computer analysis of

PFGE fingerprints patterns were analysed as pre-

viously described [11]. MLST was used to characterize

seven isolates randomly selected, but representing

each of the PFGE patterns. The amplification and

sequencing were as described on the MLST website

(http://neisseria.mlst.net) with a new set of oligo-

nucleotides [12].

RESULTS AND DISCUSSION

In Portugal 125 cases of IMD were reported to

the Compulsory Notifiable Diseases system during

the period of this laboratory surveillance study

[13]. We report 118 isolates with a percentage of

serogroup C (51.7%) slightly higher than that of

serogroup B (43.2%). A surveillance study in

Portugal between 1995 and 1999 showed that 41.8%

of 55 N. meningitidis isolates were serogroup B

and 43.7% were serogroup C [9]. Our continuous

surveillance between July 2000 and August 2001

confirmed the emergence of serogroup C in

Portugal [9]. In recent years, other countries in

Europe, including the Czech Republic, Iceland and

Switzerland, also have experienced an increase of

serogroup C [14].

Twenty-nine (24.6%) isolates had moderate resist-

ance to penicillin and 35 (30.2%) had moderate

resistance to ampicillin ; most of isolates had MICs

of ampicillin that were double those of penicillin,

as already observed in Spain [6]. Fifty-five isolates

(47.4%) were resistant to sulphadiazine, a phenotype

which is known to be a virulent marker [15]. All iso-

lates were fully susceptible to cefotaxime, ceftriaxone,

ciprofloxacin and rifampicin; rifampicin has been

used in Portugal for chemoprophylaxis. Overall,

moderate resistance to penicillin was mostly associ-

ated with serogroup C (P=0.04) (Table). Twenty

of the 61 isolates of serogroup C (32.8%) showed

moderate resistance to penicillin, as did 14.3% of

serogroup B (7/49) and 33.3% of W135 (1/3) isolates.

Overall, 28 isolates with moderate resistance to peni-

cillin were available for serotyping: 71.4% (20/28)

were of serogroup C, 25.0% (7/28) of serogroup B

and 3.6% (1/28) of serogroup W135. The emergence

of serogroup C being associated with a large percent-

age of isolates with moderate resistance to penicillin

has already been reported [3, 4, 6].

The distribution of serogroup, serotype and sero-

subtype of the 116 isolates is shown in the Table.

Isolates of serogroup B included 15 different pheno-

types. Serotype 4 was the most frequent (16/49,

32.7%), followed by serotype 1 (6/49, 6.1%). In other

countries, such as Canada (1994–1996) serotype 4 was

also prevalent [16]. In Scotland (1994–1999) serotype
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4 (23.3%) was also predominant, with serotype 1

(9.0%) the next most common [17]. Of the 10

serosubtypes were identified, P1.15 (4/49, 8.2%) was

the most common. The phenotype B:4:P1.15. (4/49,

8.2%) was prevalent among isolates of serogroup B;

to our knowledge, this phenotype has only previously

been reported in Spain (1993–1996) [18], and more

recently in the Czech Republic, Slovak Republic,

Finland and Malta [14]. Among the serogroup B

isolates, 53.0% were non-typable (NT). Serogroup C

isolates included seven different phenotypes, with

serotype 2b (42/61, 68.8%) and serotype 2a (5/61,

8.2%) the most prevalent. Only 16.4% of isolates

were NT. The serosubtype P1.5,2 was the most

prevalent (38/61, 62.3%). The phenotype C:2b:P1.5,2

(37/61, 60.7%) was predominant among isolates of

serogroup C. This phenotype was also predominant

among serogroup C isolates studied in Belgium

between 1996 and 1998 [19]. In Spain, C:2b:P1-5,2

accounted for 80.7% of serogroup C isolates between

1992 and 1999 [20]. This serosubtype was already

predominant in Scotland in the 1980s [21]. Currently,

C:2b:P1-5,2 can be considered the most prevalent

phenotype in Southern Europe [4, 19]. This

study demonstrated a continuing predominance of

isolates with moderate resistance to penicillin of

phenotype C:2b:P1.5,2 (15/28, 53.6%) (Table) in

Portugal [22].

Four different PFGE patterns were identified

among the 16 isolates analysed (designated A1–A4).

The C:2b:P1.5,2 isolates exhibited the PFGE pattern

A1 (five isolates), A2 (seven isolates), A3 (one isolate)

and A4 (one isolate). The two other phenotypes

(C:2b:P1.2 and C:2b:NST) showed PFGE pattern A1.

PFGE pattern A1 formed cluster I, pattern A2 cluster

II and patterns A3 and A4 formed cluster III. MLST

of seven serogroup C isolates, with moderate resist-

ance to penicillin, identified two sequence types

(ST): ST-8 (one isolate from cluster II) and ST-2289

(six isolates distributed by clusters I, II and III).

Both sequence types belonged to the clonal complex

ST-8/cluster A4.

This is the first report of ST-2289, a single locus

(aroE locus) variant (SLV) of ST-8. The ST-2289

clone did not exist in Portugal before 1999 (M. Caniça,

personal communication). The appearance of this

clone may be responsible for the increase in penicillin

resistance associated with serogroup C observed in

recent years in Portugal [3, 9]. The slight PFGE

pattern variations of the disseminated clones with

moderate resistance to penicillin from serogroup C,

may explain that representative clones all belonged

to the ST-8 complex/cluster A4. This complex is

usually associated with phenotypes C:2b:P1.5,2 and

Table. Serogroup:serotype:serosubtype and

susceptibility to penicillin of 116 available

N. meningitidis isolates

Serogroup:

serotype:
serosubtype*

No. (%) of isolates with
MICs to penicillin
(mg/ml) of# Total

no.
(%)f0.06 0.125 0.25

Serogroup B
B:4:P1.4 3 (6.1) 3 (6.1)

B:4:P1.15 3 (6.1) 1 (2.0) 4 (8.2)
B:4:P1.14 2 (4.1) 1 (2.0) 3 (6.1)

B:15:P1.7,16 2 (4.1) 2 (4.1)
B:1:P1.13 1 (2.0) 1 (2.0)

B:1:P1.6 1 (2.0) 1 (2.0)
B:1:P1.7,1 1 (2.0) 1 (2.0)
B:2b:P1.5,2 1 (2.0) 1 (2.0)

B:4 ;P1.5,2 1 (2.0) 1 (2.0)
B:4:P1.7,1 1 (2.0) 1 (2.0)
B:4:P1.7,16 1 (2.0) 1 (2.0)

B:4:P1.9 1 (2.0) 1 (2.0)
B:4:P1.13 1 (2.0) 1 (2.0)
B:4:P1.16 1 (2.0) 1 (2.0)
B:14:P1.7,1 1 (2.0) 1 (2.0)

NT 22 (44.9) 3 (6.1) 1 (2.0) 26 (53.0)

Subtotal 42 (85.7) 5 (10.2) 2 (4.0) 49 (100)

Serogroup C
C:2b:P1.5,2 22 (36.1) 12 (19.7) 3 (4.9) 37 (60.7)
C:2b:P1.2 4 (6.6) 1 (1.6) 5 (8.2)

C:2a:P1.5 4 (6.6) 4 (6.6)
C:4:P1.2 2 (3.3) 2 (3.3)
C:4:P1.1 1 (1.6) 1 (1.6)

C:4:P1.5 1 (1.6) 1 (1.6)
C:2a:P1.5,2 1 (1.6) 1 (1.6)
NT 6 (9.8) 1 (1.6) 3 (5.0) 10 (16.4)

Subtotal 41 (67.2) 14 (23.0) 6 (9.8) 61 (100)

Serogroup W135

W135:2a:P1.5,2 1 (33.3) 1 (33.3)
NT 1 (33.3) 1 (33.3) 2 (66.7)

Subtotal 2 (66.7) 1 (33.3) 3 (100)

Serogroup Y
Y:14:P1.5,2 1 (33.3) 1 (33.3)

Y:14:P1.5 1 (33.3) 1 (33.3)
NT 1 (33.3) 1 (33.3)

Subtotal 3 (100) 3 (100)

MIC, Minimum inhibitory concentration; NT, non-
typable.

* By order of frequency.
# MIC breakpoints used to penicillin : susceptible, MIC
f0.06 mg/ml ; moderate resistance, MIC 0.125–1 mg/ml.
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C:2b:P1,2 and has been described widely in Southern

European countries [4, 19, 20].

In conclusion, we believe that it is important to

continue the phenotyping and genotyping based

studies on N. meningitidis in Portugal, first correlated

in this study, as it seems that particular clones are

circulating in the country. The dissemination of

the hypervirulent ST-8 complex/cluster A4, among

moderate-penicillin-resistant serogroup C isolates in

Portugal increases this need.

The study covered the first period of voluntary

vaccination with conjugate C vaccine in Portugal,

making possible the future linking of the pre-vaccine

period to the pos-vaccine period. Thus, these results

will help to explain dynamic clonal changes, even

between other countries, since prevalence of mening-

ococci could change rapidly. Monitoring changing

patterns of the susceptibility to antibiotics, antigenic

characteristics, and genotyping will provide the basis

for understanding the epidemiological trends in a

European perspective and thus for preventive and

therapeutic policies.
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